The aim of this work is to compare the effect of three-and sixfold irradiation with a semiconductor laser beams of 200 mW power and wavelength equal to 670 nm and the rooting agent on the percentage and quality of rooted cuttings of leatherleaf viburnum. The most effective for root number and root length was threefold irradiation and for fresh root weight threefold irradiation applied together with the rooting agent.
INTRODUCTION
For rooting of cuttings, number of different horticultural practices has been used. The most common is stimulation of rooting with auxin (Bojarczuk 1997) . This method requires a preliminary determination of the type and concentration of auxin. However, the use of auxins has difficulties connected with choosing the optimal auxin type or concentration. Among other practices, irradiation with laser beam was recommended for rooting optimisation (Bąbelewski & Szajsner 2013) .
Laser light, featuring coherence and directionality, has a significant impact on bioenergetic processes in tissues of living organisms (Aladjadjiyan 2007 , Chen et al. 2005 , Vasilevski 2003 ). Exposition to low power radiation within relatively short time of irradiation causes a biostimulation, connected with absorption of quantised energy by biologically active compounds (Dobrowolski & Ró-żanowski 1998 , Hernandez et al. 2010 ). In the literature available so far there are only a few publications concerning the effect of semiconductor laser beams on plant material (Ashrafijou et al. 2010 , Michtchenko & Hernandez 2010 .
In order to optimise the process of rooting and to improve the quality of root system, apical cuttings of leatherleaf viburnum (Viburnum rhytidophyllum Hemsl.) were subjected to laser photostimulation with the use of diversified doses of semiconductor laser beams, separately or together with the rooting agent.
MATERIALS AND METHODS
Greenhouse studies were conducted by independent series in the years 2009 and 2010.
The apical cuttings of leatherleaf viburnum, 6 cm long, were collected from 5-year-old shrubs on 15th July 2009 and 2010. The lower parts of the cuttings were three-(D3) or six-(D6) times irradiated (2 minutes intervals between successive irradiations) with semiconductor laser beams of 200 mW power and wavelength equal to 670 nm separately or together with application of rooting agent (Ukorzeniacz AB, Himal, Poland) containing 0.3% NAA, 0.05% IBA and 5.0% activated carbon (AB). The model CTL -MX 1106 coupled with a laser scanner cooperating model CTL 1202 S was used. The rooting agent was also applied separately. The experiment was repeated year after year. Each combination consisted of four replications of 10 cuttings. Rooting was evaluated after 3 months, and the percentages of rooted cuttings were calculated and the fresh roots weight of cuttings, as well as the number and length of roots were scored. Statistical calculations were made by ANOVA method. Obtained results were analysed according to Duncan's test, at a significance level p = 0.05. Due to the insignificant differences between years, data were averaged.
RESULTS
The laser irradiation and the rooting agent AB did not affect percentage of rooted cuttings that amounted from 85 to 90% (Fig. 1) .
Triple irradiation of cuttings enhanced number of roots to 31.1 in comparison to 25.7 in control. Six-fold irradiation reduced root number to 21.7 (Fig. 2) .
Length of roots was stimulated by three-and six-time irradiation alone or together with rooting preparation (11.8, 10.0 and 10.7 cm, respectively) in comparison with control (7.4 cm) (Fig. 3) .
Three times irradiation or application of rooting agent increased fresh weight of roots to 1.3 and 1.4 g, respectively in comparison with 1.0 g in control (Fig. 4) . 
DISCUSSION
Improvement of rooting can be achieved through the increase in the percentage of rooted cuttings, number, length and fresh weight of adventitious roots. The first factor taken into account is the type and concentration of auxin. Yet not all species and varieties respond in the same way to auxin treatments (Bojarczuk 1997; Pacholczak et al. 2012) . It was reported that laser irradiation on caryopses of wheat, rye and triticale significantly increases indoleacetic acid (IAA) content. Therefore, laser light can be taken as a factor influencing the process of rhizogenesis (Szajsner 2009 ). If laser stimulation will cause similar changes in content of IAA in cuttings, in turn its usage can results in better rooting. Our results from experiment on laser light and rooting agent application proved favourable effect of threefold irradiation on the number, length and roots fresh weight of leatherleaf viburnum cuttings. The number of roots in irradiated cuttings increased by 21.2% in relation to control cuttings, and by 11.9% in relation to cuttings treated with auxin what confirms results of Śliwka and Jakubiak (2007) who obtained higher density of roots, better branching and higher biomass of willow cuttings (Salix viminalis L. 'Turbo') due to laser light application. Kralik and Rauscherova (1990) observed markedly positive effect of laser light on roots length in Ligustrum vulgare L.
In our experiment, cuttings treated with three laser doses were longer by 59% in comparison with control and by 31% in comparison with treatment with auxin preparation. Rooting preparation containing NAA and IBA significantly affected only fresh weight of roots by 40% in comparison to control. Dirr and Heuser (1987) recommended rooting of leatherleaf viburnum with the use of IBA and NAA.
During the experiment, size of leaves were not reduced. According to results obtained by Costa and Challa (2002) , we can suppose that applied laser radiation could contribute to the increased auxins content in rooted cuttings. Costa and Challa (2002) stated that increased biomass of cuttings could positively affect the occurrence of adventitious roots. The large surface of leaves in rose cuttings was a good indicator of roots' growth, while reduction in leaf surface features a negative impact. In our study, leaves of viburnum cuttings were not reduced due to the effect of irradiation, what could be a good marker of effective rooting.
We can conclude that triple irradiation of viburnum cuttings can replace use of rooting agent enhancing number and length of roots and their fresh weight. 
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